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DRIVER CIRCUIT CONNECTED TO PULSE SHAPING CIRCUITRY AND 

METHOD OF OPERATING SAME 

Field of Invention 

[1] The present invention relates generally to driver circuits and, more 
particularly, to a driver circuit including first and second opposite conductivity 
type transistors which are prevented from conducting simultaneously during a 
transition between first and second voltage levels by piilse shaping circuitry, and 
to a method of operating same. 
Background Art 

[2] One type of driver circuit that is frequently employed, particularly on 
integrated circuit chips, includes first and second opposite conductivity type 
transistors, each including a control electrode and a path which is switched on 
and off between a pair of further electrodes. Each path is switched on and off in 
response to a voltage applied to the control electrode of the particular transistor 
being on opposite sides of a threshold. The paths of the first and second 
transistors are connected in series across terminals of a DC power supply. An 
output terminal between the series connected paths drives a load. 
[3] In a typical integrated circuit chip, the transistors are opposite conductivity 
type metal oxide semiconductor field effect transistors (MOSFETs), wherein the 
control electrodes are gate electrodes and the further electrodes are source and 
drain electrodes. Such a driver includes a positive channel field effect transistor 
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(PFET) and a negative channel field effect transistor (NFET). The switched path 
between the source and drain electrodes of each field effect transistor (FET) is 
frequently referred to as a source drain path and the source drain paths of the 
PFET and NFET are connected in series across opposite polarity terminals of the 
power supply. 

[4] The typical integrated circuit chip includes many such drivers that are 
responsive to bilevel sources having positive and negative going transitions 
between first and second voltage levels that are usually approximately equal to 
the voltages at the power supply terminals. The bilevel sources can be either 
data or clock sources. In response to the bilevel source being at the first (low) 
voltage level, the PFET and NFET are respectively on and off, while the NFET 
and PFET are respectively on and off in response to the bilevel source being at 
the second (high) voltage level. A relatively high impedance is provided by the 
source drain path of the NFET or PFET which is off so that substantial current 
does not flow through both the PFET and NFET of the driver while the bilevel 
source is at the first and second voltage levels. To minimize power consumption, 
the PFET and NFET should not be on at the same time during the transitions. 
[5] Many of the drivers of the foregoing type on a typical integrated circuit chip 
are simultaneously responsive to the transitions. If many of the drivers of the 
foregoing type are simultaneously responsive to the transitions and if the PFET 
and NFET of each of these drivers were on at the same time during the 
transitions, a substantial amount of current, frequently referred to as crow bar 
current, would be drawn from the power supply. The current could be so great 
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as to cause overheating of the integrated circuit chip and result in a substantial 
decrease in the voltage between the power supply terminals. Similar problems 
can also exist with bipolar drivers including PNP and NPN transistors having 
series connected emitter collector paths. 

[6] In the past, one approach to resolving the problem has involved 
complicated circuitry which takes into account processing variables in making the 
integrated circuits, as well as changes that occur to the circuit elements as a 
result of power supply voltage and temperature variations of the integrated circuit 
chip carrying the circuitry. Another complicated approach h£s involved staging a 
number of field effect transistors. These complicated circuits occupy a significant 
amount of space on the integrated circuit chip and consume additional power, 
resulting in possible unnecessary heating of the chip. 

[7] There is a prior art circuit wherein conventional capacitors are connected 
in negative feedback paths to the gates of opposite conductivity type field effect 
transistors having series connected source drain paths. One electrode of each 
capacitor is connected to an output terminal between the source drain paths, 
while the other electrode of each capacitor is connected to the gate electrode of 
one of the field effect transistors. A problem with this approach is that the voltage 
across each of the capacitors varies as a function of load variations. Hence, 
switching of the field effect transistors is a function of the load variations which 
can result in poor control. In this prior art circuit, both field effect transistors 
appear to be turned on simultaneously during a transition, resulting in substantial 
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current flow. Another problem with this prior art circuit is that the capacitors are 
charged and discharged through source drain paths of additional field effect 
transistors, rather than through resistors. 
Summary of the Invention 

[8] In accordance with one aspect of the invention, a circuit comprises an 
input terminal for connection to a voltage source having first and second levels 
and a transition between the levels, and a driver includes first and second 
opposite conductivity type transistors, each including a control electrode and a 
path switched on and off in response to the control electrode voltage being on 
opposite sides of a threshold. The first and second transistor paths are 
connected in series across opposite power supply terminals. Pulse shaping 
circuitry causes the first and second transistor paths to be respectively (1) on and 
off while the voltage source has the first level, and (2) off and on while the 
voltage source has the second level. The pulse shaping circuitry also prevents 
both paths from being on simultaneously. The circuitry includes a first resistive 
impedance and first shunt capacitor, wherein the first resistive impedance is 
connected for supplying current to the first capacitor and the first transistor 
control electrodes. The first capacitor is connected across the first transistor 
control electrode and a first of the power supply terminals. 
[9] Another aspect of the invention relates to a circuit comprising an input 
terminal for connection to a voltage source having first and second levels and a 
transition between the levels. A driver includes first and second opposite 
conductivity type transistors, each including a control electrode and a path 
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switched on and off in response to a voltage applied to the control electrode 
being on opposite sides of a threshold. The first and second transistor paths are 
connected in series across opposite power supply terminals. Pulse shaping 
circuitry causes the paths of the first and second transistors to be respectively (1) 
on and off while the voltage source has the first level and (2) off and on while the 
voltage source has the second level. The pulse shaping circuitry also prevents 
the first and second transistors from being on simultaneously. The circuitry 
includes first and second switching circuits adapted to be connected to be 
simultaneously responsive to the voltage at the input terminal. The first and 
second switching circuits respectively include output terminals having DC 
connections to the control electrodes of the first and second transistors. The 
pulse shaping circuitry also has first and second capacitors respectively having 
DC connections between (1) the first control electrode and the first power supply 
terminal and (2) the second control electrode and the second power supply 
terminal. 

[10] The first switching circuit includes a first resistive impedance for supplying 
current from the first power supply terminal to the control electrode of the first 
transistor and the first capacitor while the voltage at the input terminal has the 
first level. The first switching circuit is arranged for supplying a voltage 
substantially equal to the voltage at the second power supply terminal to (1 ) the 
control electrode of the first transistor and (2) thB first capacitor while the voltage 
at the input terminal has the second level. 
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[1 1] The second switching circuit includes a second resistive impedance for 
supplying current from the second power supply terminal to the control electrode 
of the second transistor and the second capacitor while the voltage at the input 
terminal has the second level. The second switching circuit is arranged for 
supplying a voltage substantially equal to the voltage at the first power supply 
terminal to (1 ) the control electrode of the second transistor and (2) the second 
capacitor while the voltage at the input terminal has the first level. 
[12] In a preferred embodiment, the first switching circuit comprises a first 
inverter including third and fourth transistors respectively switched on and off in 
response to the voltage at the input terminal respectively having first and second 
values. The first inverter includes the first resistive impedance for supplying 
current from the first power supply terminal to the control electrode of the first 
transistor and the first capacitor while the third transistor is switched on. The 
second switching circuit comprises a second inverter including fifth and sixth 
transistors respectively switched on and off in response to the voltage at the 
input terminal respectively having first and second values. The second inverter 
includes the second resistive impedance for supplying current from the second 
power supply terminal to the control electrode of the second transistor and the 
second capacitor while the sixth transistor is switched on. 

[13] In the preferred embodiment, the fourth and fifth transistors while switched 
on are connected to supply voltages substantially at the second and first power 
supply terminals to the control electrodes of the first and second transistors and 
the first and second capacitors, respectively. 
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[1 4] Another aspect of the invention relates to a method of operating a driver 
including first and second opposite conductivity type transistors, each including a 
control electrode and a path controlled in response to a voltage applied to the 
control electrode. The paths of the first and second transistors are connected in 
series across opposite power supply terminals. First and second capacitors are 
respectively connected in shunt with the control electrodes. During a first 
interval: the paths of the first and second transistors are respectively turned on 
and off, while the second capacitor is charged and the first capacitor is 
discharged by applying (1 ) a first voltage having a first value to the control 
electrode of the first transistor, (2) the first voltage value across the second 
capacitor, and (3) a second voltage having the first value to the control electrode 
of the second transistor. During a second interval: the paths of the first and 
second transistors are respectively turned off and on, while the second capacitor 
is discharged and the first capacitor is charged by applying (1) the second value 
of the first voltage to the control electrode of the first transistor, (2) the first 
voltage value across the first capacitor, and (3) the second value of the second 
voltage to the control electrode of the second transistor. During an initial portion 
of a first transitional period between the first and second intervals: the path of the 
first transistor is turned off while the path of the second transistor is maintained 
off by changing the first voltage from the first value toward the second value 
while the first capacitor remains substantially discharged and the second 
capacitor remains substantially charged. During a second portion of the first 
transitional period, the path of the second transistor is turned on while the path of 
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the first transistor is maintained off by changing the charge on the second 
capacitor so that there is a change in the value of the second voltage from the 
first value toward the second value. During an initial portion of a second 
transitional period between the second and first intervals: the path of the second 
transistor is turned off while the path of the first transistor is maintained off by 
changing the second voltage from the second value toward the first value while 
the second capacitor remains substantially discharged and the first capacitor 
remains substantially charged. During a second portion of the second 
transitional period the path of the first transistor is turned on while the path of the 
second transistor is maintained off by changing the charge on the first capacitor 
so that there is a change in the value of the first voltage from the second value 
toward the first value. 

[15] The above and still further objects, features and advantages of the present 
invention will become apparent upon consideration of the following detailed 
description of a specific embodiment thereof, especially when taken in conjunction 
with the accompanying drawings. 
Brief Description of the Drawing 

[1 6] Figure 1 is a circuit diagram of a preferred embodiment of the present 
invention; and 

[17] Figure 2 includes a series of waveforms helpful in describing the operation 
of the circuit of Figure 1 . 
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Detailed Description of the Drawing 

[18] Reference is now made to Figure 1 of the drawing wherein driver circuit 10 

is illustrated as being connected between bilevel voltage source 12 and load 14. 
Driver circuit 10, source 12 and load 14 are complementary metal oxide 
semiconductor (CMOS) circuits on an integrated circuit chip having a positive DC 
power supply terminal 16, at a potential of +1 .OVdd, and a negative DC power 
supply terminal 18, at ground potential, i.e., OVdd. The bilevel output of voltage 
source 12, which can be either a data or clock source, typically switches between 
potentials of 1. OVdd and OVdd, and has positive and negative going short 
duration transitions between these potentials. Load 14, typically other circuitry 
on the integrated circuit and/or off chip circuitry, is subject to substantial 
variations, depending upon the number of circuits in load 14 which are activated 
at a particular time. 

[19] Driver circuit 10 includes inverters 20 and 22, connected to be driven in 
parallel by the output of source 12. Driver circuit 10 also comprises output stage 
24, including output terminal 26 which is connected in a DC circuit to drive load 
14. Output stage 24 is connected to be responsive to output voltages of inverters 
20 and 22 via DC circuits 28 and 30 which respectively include switched voltage 
controlled shunt capacitors 32 and 34. 

[20] Inverter 20 includes complementary transistors in the form of PFET 36 
and NFET 38 having gate electrodes connected to be driven in parallel by the 
bilevel output of source 12 at terminal 39 and source drain paths which are 
switched on and off in a complementary manner by the voltage applied to the 
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gate electrodes of the PFET and NFET. The source drain paths of PFET 36 and 
N FEZ 38 are connected in series with each other and across DC power supply 
terminals 16 and 18. A resistive impedance, i.e., resistor 40, is connected in 
series with the source drain paths of PFET 36 and NFET 38, between the drains 
of the PFET and NFET of inverter 20. The use of resistor 40 as a resistive 
impedance, is advantageous because it (1) enables a lower resistance to be 
achieved and (2) provides better resistance value stability with regard to 
variations of integrated circuit temperature and power supply voltage, and 
integrated circuit manufacturing. A first end of DC circuit 28 is connected to a 
common terminal at one side of resistor 40 and the drain electrode of PFET 36. 
[21] Inverter 22 is similar to inverter 20, in that inverter 22 includes PFET 42 
and NFET 44 and a resistive impedance in the form of resistor 46. The gate 
electrodes of PFET 42 and NFET 44 are connected to be driven in parallel by the 
output voltage of source 12 at terminal 39 and the source drain paths of PFET 42 
and NFET 44 are connected in series with each other and a resistive impedance, 
i.e., resistor 46. However, inverter 22 differs from inverter 20 because the 
common terminal of resistor 46 and the drain of NFET 44 are connected to a first 
end of DC circuit 30. Inverters 20 and 22 thus can be considered as switching 
circuits for selectively supplying, to the output terminals thereof, voltages 
substantially equal to the power supply voltages 1.0Vdd aind OVdd. 
[22] Output stage 24 includes PFET 48 and NFET 50 having source drain 
paths connected in series with each other across DC power supply terminals 16 
and 18. The drain electrodes of PFET 48 and NFET 50 have a common 
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connection to output terminal 26 which is connected to load 14. PFET 48 and 
NFET 50 have gate electrodes respectively connected to the second ends of DC 
circuits 28 and 30. The gate electrodes of PFET 48 and NFET 50 are 
respectively connected to first electrodes of shunt capacitors 32 and 34. The 
second electrode of capacitor 32 is connected to ground DC power supply 
terminal 18, while the second electrode of capacitor 34 is connected to +Vdd 
power supply terminal 16. Because of the connections of the electrodes of 
capacitors 32 and 34 to the gate electrodes of PFET 48 and NFET 50 and to the 
constant voltages at the power supply terminals 16 and 18, the waveforms 
across the capacitors are independent of the current that load 14 draws from 
output stage 24. PFET 48 and NFET 50 have thresholds such that (1 ) in 
response to the voltage applied to the gate electrode of PFET 48 being less than 
and greater than the threshold voltage of the PFET, the PFET source drain path 
is turned on and off, respectively, and (2) in response to the voltage applied to 
the gate electrode of NFET 48 being less than and greater than the threshold 
voltage of the NFET, the NFET source drain path is turned off and on, 
respectively. 

[23] In the preferred embodiment, capacitors 32 and 34 respectively comprise 
NFET 52 and PFET 54. One electrode of each of capacitors 32 and 34 
respectively comprises the gate electrodes of NFET 52 and PFET 54. The other 
electrode of each of capacitors 32 and 34 respectively comprises the source 
drain paths of NFET 52 and PFET 54. The source and drain electrodes of NFET 
52 are connected together and to ground terminal 18, while the source and drain 
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paths of PFET 54 are connected together and to +Vdd power supply terminal 16. 
Each of NFET 52 and PFET 54 includes an insulator between the gate electrode 
and the source drain path thereof. 

[24] The circuitry of Figure 1 , including the thresholds of PFET 48 and NFET 
50, is such that the source drain paths of PFET 48 and NFET 50 are never 
simultaneously on. Consequently, crowbar current cannot flow between power 
supply terminals 16 and 18 through the source drain paths of PFET 48 and NFET 
50. 

[25] Reference is now made to Figure 2 of the drawing which is helpful in 
describing the operation of the circuit of Figure 1 . The output voltage of source 
12, indicated by bilevel waveform 60, is illustrated as having a 50-50 duty cycle, 
although it is to be understood that the output of source 12 can have any suitable 
duty cycle for a clock or data source. 

[26] During the half cycles of source 12 when the output voltage of the source 
has a value of 1 .OVdd, NFETs 38 and 44 are turned on and PFETs 36 and 42 
are turned off. Consequently, a voltage approximately equal to the ground 
voltage at terminal 18 is supplied to the first end of DC circuit 28 (at the drain of 
PFET 36) through the low impedance, turned on source drain path of PFET 38 
and resistor 40. At the same time, the ground voltage at terminal 18 is supplied 
to the first, input end of DC circuit 30 (at the drain of NFET 44) through the low 
impedance, turned on source drain path of NFET 44. Just before the end of the 
half cycles when the output voltage of source 12 has a value of 1 .OVdd, inverters 
20 and 22 apply low voltages, substantially equal to the voltage at ground 
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terminal 18, to the gate electrodes of PFET 48 and NFET 50, causing the PFET 
and-NFET to be respectively turned on and off. In addition, at this time there is 
virtually no voltage across the insulator of NFET 52 because the gate electrode 
thereof and the source drain path thereof are both substantially at ground 
potential, resulting in the voltage across capacitor 32 being zero. In contrast, 
because (1) NFET 44 is turned on, causing the input of DC path 30 to be 
substantially at ground, i.e., OVdd, and (2) the source drain path of PFET 54 is at 
1 .OVdd, there is a voltage substantially equal to 1 .OVdd across the insulator of 
PFET 54 that comprises capacitor 34. 

[27] During the half cycles of source 1 2 when the output voltage of the source 
has a value of OVdd, NFETs 38 and 44 are turned off and PFETs 36 and 42 are 
turned on. Consequently, the I.OVdd voltage at terminal 16 is supplied to the 
first, input end of DC circuit 28 (at the drain of PFET 36) through the low 
impedance, turned on source drain path of PFET 36. At the same time, the 
1 .OVdd voltage at terminal 16 is supplied to the first end of DC circuit 30 (at the 
drain of NFET 44) through resistor 46 and the low impedance, turned on source 
drain path of PFET 42. Just before the end of the half cycles when the output 
voltage of source 12 has a value of OVdd, inverters 20 and 22 apply high 
voltages, substantially equal to the I.OVdd voltage at power supply terminal 16, 
to the gate electrodes of PFET 48 and NFET 50, causing the PFET and NFET to 
be respectively turned off and on. Also, at this time there is virtually no voltage 
across the insulator of PFET 54 because the gate electrode thereof and the 
source drain path thereof are both substantially at 1 .OVdd, resulting in the voltage 
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across capacitor 34 being zero. In contrast, because (1 ) PFET 36 is turned on, 
causing the input of DC path 28 to be substantially at 1 .OVdd, and (2) the source 
drain path of NFET 52 is at ground potential, there is a voltage substantially 
equal to 1 .OVdd across the insulator of NFET 52, which has a finite capacitance 
value. 

[28] As indicated by waveforms 62 and 63, PFET 48 is turned on during 
intervals 64, while NFET 50 is turned on during intervals 66; intervals 64 and 66 
alternate with and are mutually exclusive of each other. 

[29] At the beginning of and during short duration negative going transitionis 68 
of the voltage of source 12, from 1 .OVdd to OVdd, as indicated by waveform 60, 
PFET 36 rapidly goes from an off to an on condition while NFET 38 rapidly goes 
from an on to an off condition. In response to transitions 68, the voltage at the 
drain of PFET 36, at the input of DC circuit 28, changes rapidly in the positive 
direction, so that the voltage applied to the gate of PFET 48, indicated by 
waveform 69, changes rapidly, as indicated by waveform portion 70, from a value 
substantially equal to OVdd to a value substantially equal to I.OVdd. This results 
in PFET 48 changing rapidly from an on condition to an off condition, as indicated 
by the negative going transitions at the ends of intervals 64 of waveform 62, but 
has no immediate effect on the zero voltage across discharged capacitor 32. 
[30] At the beginning of and during the negative going transitions 68, PFET 42 
rapidly goes from an off condition to an on condition while NFET 44 rapidly goes 
from an on to an off condition. Because capacitor 34 is fully charged to 1 .OVdd 
at the beginning of the negative going transitions 68 the current flow through 
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resistor 46 does not increase suddenly, but increases exponentially at a rate 
primarily determined by the resistance of resistor 46 and the finite capacitance of 
capacitor 34. The exponential increase in the current through resistor 46 causes 
the voltage across capacitor 34 and between the gate and source of NFET 50 to 
increase exponentially, as indicated by portion 72 of waveform 74, which 
represents the voltage across the gate and source of NFET 50. During portion 
72, the voltage across the gate of NFET 50 is less than the threshold of the 
NFET, which is assumed in Fig. 2 to be 0.33Vdd. Thus, NFET 50 remains off for 
a predetermined interval subsequent to negative going transition 68. During this 
predetermined interval, both PFET 48 and NFET 50 are off to prevent crowbar 
current from flowing through the source drain paths thereof between power 
supply terminals 16 and 18. In response to the voltage across the gate of NFET 
50 crossing the threshold of the NFET, the NFET is turned on, as indicated by 
the positive going transition at the beginning of intervals 66 of waveform 63, 
whereby current can flow between load 14 and NFET 50 during intervals 66. 
[31] As exponential current continues to flow through capacitor 34 and resistor 
46 while the voltage of source 12 equals OVdd, there is a gradual decrease in the 
slope of the voltage applied to the gate of NFET 50, as indicated by portion 76 of 
waveform 74. To enable the target voltage of 1. OVdd to be achieved, the 
resistance of resistor 46 and capacitance of capacitor 34 and the duration of the 
half cycle of source 12 between transitions 68 and 80 of waveform 60 are 
properly selected. Waveform 74 reaches its target value of 1. OVdd shortly before 
the occurrence of positive going transition 80 of waveform 60. 
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[32] During the entire half cycle of source 12 while the source is applying a 
voltage of OVdd to driver circuit 10 the voltage at the gate of PFET 48 remains 
substantially at 1 .OVdd, as indicated by portion 82 of waveform 69. This is 
because PFET 36 couples the LOVdd voltage at terminal 16 to the gate of PFET 
48. 

[33] In response to positive going transitions 80 of waveform 60, 
complementary operations occur in driver circuit 10 relative to the operations 
which occur in response to the negative going transitions 68. Hence, the current 
flowing through resistor 46 suddenly decreases, as does the voltage at the gate 
of NFET 50, as indicated by portion 84 of waveform 74. Thereby, NFET 50 
suddenly goes from an on to an off state, as indicated by the negative transitions 
of waveform 63 at the end of intervals 66. In response to the positive going 
transition 80, the voltage at the gate of PFET 48 decreases exponentially as 
indicated by portion 86 of waveform 69. PFET 48 remains off until its threshold is 
crossed, which is assumed in Fig. 2 to be at 0.67Vdd. In response to waveform 
portion 86 crossing the 0.67Vdd threshold, PFET 48 is turned on, as indicated by 
the positive going transitions of waveform 62 at the beginning of intervals 64. 
The voltage across capacitor 32 continues to decrease exponentially until the 
voltage across capacitor 32 goes substantially to zero. The voltage across 
capacitor 32 and at the gate of PFET 48 reach a target value substantially equal 
to OVdd shortly before the next negative going transition 68 of waveform 60. 
Operation continues in this matter. 
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[34] While there has been described and illustrated a specific embodiment of the 
invention, it will be clear that variations in the details of the embodiment specifically 
illustrated and described may be made without departing from the true spirit and 
scope of the invention as defined in the appended claims. For example, the 
principles of the invention are applicable to bipolar transistors and discrete 
capacitors, although the use of FETs for the transition and capacitors is 
particularly advantageous for integrated circuits. 
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